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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a 
superconduction magnet system which can reduce a leak 
magnetic field in a magnet by avoiding evaporation of 
liquid helium when a static magnetic field is quenched. 

SOLUTION: A system includes a coil support 1 of 
magnetic material disposed outside a single crystal 
pulling furnace, made up of a pair of side yokes 1a 
having respective magnetic poles 1c and having opposing 
faces on which a coil is wound, and also made up of a 
rear yoke 1b continuously connected between the both 
side yokes; static magnetic field coils 2 made by 
winding oxide high-temperature supreconduction wires 4a 
and 4b around the magnetic poles of the support 1; a 
cooling machine 4 for cooling the superconduction wires 
4a and 4b of the static magnetic field coils 2; and heat 
transmission means 6 and 7 for transmitting heat cooled 
by the cooling machine 4 to the superconduction wires 4a 
and 4b for direct cooling thereof. The coil support 1 
establishes a closed circuit of static magnetic field 
generated between the magnetic poles 1c by current 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The coil base material which consists of the magnetic substance constituted by tooth-back 
York which inherits between side-face York of the pair which has the magnetic pole to which it is 
arranged on the outside of a crystal pulling furnace, and an opposed face is looped around a coil, and 
both this York, The static magnetic field coil constituted by looping said magnetic pole of this coil base 
material around an oxide high-temperature superconductivity line, It has the refrigerator which cools 
said oxide high-temperature superconductivity line of this static magnetic field coil, and a heat transfer 
means to transmit the cold energy obtained from this refrigerator to said oxide high-temperature 
superconductivity line, and to cool directly. Said coil base material is a superconduction magnet system 
for single crystal growth characterized by forming the closed circuit of the static magnetic field 
generated between said magnetic poles by energization of said oxide high-temperature 
superconductivity line. 

[Claim 2] It is the superconduction magnet system for single crystal growth characterized by for the 
static magnetic field coil having formed the oxide high-temperature superconductivity line in the 
vacuum pipe in the superconduction magnet system for single crystal growth according to claim 1, and 
being constituted. 

[Claim 3] It is the superconduction magnet system for single crystal growth characterized by cooling an 
oxide high-temperature superconductivity line directly through the heat transfer medium attached at the 
tip of a vacuum pipe by the cold energy which the outside thermal conductivity of the means of heat 
transfer is small in the superconduction magnet system for single crystal growth according to claim 1, 
and is constituted by the vacuum pipe which made the meantime the vacua with the double pipe 
configuration with inside large thermal conductivity, and is transmitted from a refrigerator. 
[Claim 4] It is the superconduction magnet system for single crystal growth characterized by 
constituting a coil base material possible [ association ] in the superconduction magnet system for single 
crystal growth according to claim 1 magnetically [ the distance between the opposed faces of both-sides 
side York is divided possible / adjustment / at least, and ]. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the superconduction magnet system for single crystal 
growth which generates the magnetic field which should be impressed to the dissolved semiconducting 
crystal ingredient which is used for manufacture of a semi-conductor wafer etc. 
[0002] 

[Description of the Prior Art] By giving a magnetic field to the dissolved semiconducting crystal 
ingredient, a magnetic field CHOKURARU skiing crystal growth system (a MCZ system is called 
below) controls the heat convection to generate into a melting ingredient, and enables manufacture of 
the diameter of macrostomia, and the crystal ingot of high quality. 

[0003] Drawing 6 shows an example of this MCZ system, and describes the outline configuration. This 
MCZ system is equipped with the magnetic field generator 51 which generates the pull-up furnace 50 
which pulls up a crystal from the dissolved semiconducting crystal ingredient in the predetermined pull- 
up direction, and the magnetic field which should be impressed to the dissolved semiconducting crystal 
ingredient. 

[0004] The pull-up furnace 50 possesses the pull-up machine 52 for pulling up heater 50c which heats 
the semiconducting crystal ingredient in crucible 50b which is arranged in furnace body 50a and this 
furnace body 50a, and holds a semiconducting crystal ingredient, and this crucible 50b, 50d of crucible 
support devices, and a crystal. It pulls up with 50d of crucible support devices, and crystal crucible 50b 
rotates relatively in relative rotation with an opportunity 52. 

[0005] The magnetic field generator 51 is pulled up through support 51a, is arranged on the outside of 
furnace body 50a of a furnace 50, and possesses cooling container (cryostat) 50c which built in static 
magnetic field coil 51b. 

[0006] In the MCZ system of such a configuration, a semiconductor material 53 is paid in crucible 50a, 
it heats by heater 50c, and a semiconductor material 53 is dissolved. Seed crystal is inserted into this 
fusion liquid, if seed crystal is pulled up at the rate of predetermined with the pull-up machine 52 and it 
goes, a crystal will grow up to be a solid-state-liquid boundary layer gradually, and will go to it, and a 
large-sized crystal will be generated. Under the present circumstances, fluid-movement of fusion liquid 
by which induction is carried out with heating of heater 50c, i.e., a heat convection, arises. 
[0007] Here, in the above-mentioned MCZ system, in order to control the effect of the thermal 
convection current in a melting ingredient, the static magnetic field is given from the magnetic field 
generator 51 . Generally the melt of a single crystal raw material is an electric conduction object. For this 
reason, in case the fluid which has electrical conductivity exercises by the heat convection, the fluid 
which is exercising in the direction which is not parallel to the magnetic field impression direction 
receives magnetic drag force with Lenz's law. Therefore, movement of a heat convection is prevented. 
[0008] magnetic-reluctance force, i.e., magnetic-viscosity multiplier nueff, when a magnetic field is 
generally impressed nueff =(microhenryD) 2 sigma/rho ~ if it is here, it becomes the consistency of 
electrical conductivity rho:melt of Himagnetic-field-strength Dxrucible diameter sigma:melt and 
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magnetic field strength H increases — magnetic-viscosity multiplier nueff It increases and a heat 
convection can be suppressed. 

[0009] The strong thing is demanded for the magnetic field strength H used as the diameter D of a 
crucible becomes large in recent years. The present condition is using the super-conductive magnet 
using liquid helium as a thing in which strong magnetic field generating is [ that the magnetic field 
generator with which are satisfied of this demand, i.e., a magnet, is large-sized, and ] possible. 
[0010] This super-conductive magnet consists of cooling container 51a and static magnetic field coil 
51b, as mentioned above. Moreover, although the superconduction magnet which does not use liquid 
helium has also been developed recently, these use the so-called low-temperature superconduction wire 
rod which cools the temperature of a static magnetic field coil using 4k refrigerator. 
[001 1] By the way, the conventional super-conductive magnet is using super-low hot-cold 
intermediation of liquid helium, liquid nitrogen, etc. for the actuation. Therefore, it is necessary to 
design a super-low hot-cold intermediation collection container according to the pressurized container 
set to bear a pressure surge by the regulation on the occasion of magnetic quenching. Moreover, cautions 
of the newest which does not have effect of gas-evolution opening to people are needed in installation of 
the jet pipe for emitting the gas evaporated rapidly, or that case. 
[0012] 

[Problem(s) to be Solved by the Invention] However, in such a super-conductive magnet, since 
operating temperature is low even when liquid helium is used, and even when not using it, the specific 
heat is small, the temperature rise of a coil becomes large also to generation of heat by turbulence, and 
the probability of occurrence of quenching is comparatively high. 

[0013] Therefore, once quenching occurs, in order to have to pull up a single crystal and to have to 
suspend operation, it becomes impossible to use the remaining melt and big loss will be caused. 
Moreover, when the stray magnetic field from the magnet currently used is large, and the insurance of 
those who pass through an operator or near is taken into consideration, or arranging other super- 
conductive magnets adjacently so that it may not be influenced of magnetic leakage flux, in order to 
have to restrict workspace greatly, it is a big problem as what is used for industrial production. 
[0014] It was made in order that this invention might solve the above problems, and evaporation of 
liquid helium is abolished at the time of quenching of a static magnetic field coil, and it aims at offering 
the superconduction magnet system for crystal pulling which reduced the stray magnetic field of a 
magnet. 
[0015] 

[Means for Solving the Problem] This invention constitutes the superconduction magnet system for 
crystal pulling with the following means in order to attain the above-mentioned purpose. The coil base 
material which consists of the magnetic substance constituted by tooth-back York which inherits 
between side-face York of the pair which has the magnetic pole to which invention corresponding to 
claim 1 is arranged on the outside of a crystal pulling furnace, and an opposed face is looped around a 
coil, and both this York, The static magnetic field coil constituted by looping said magnetic pole of this 
coil base material around an oxide high-temperature superconductivity line, It has the refrigerator which 
cools said oxide high- temperature superconductivity line of this static magnetic field coil, and a heat 
transfer means to transmit the cold energy obtained from this refrigerator to said oxide high-temperature 
superconductivity line, and to cool directly. Said coil base material forms the closed circuit of the static 
magnetic field generated between said magnetic poles by energization of said oxide high- temperature 
superconductivity line. 

[0016] In the superconduction magnet system for single crystal growth of invention corresponding to 
claim 1 in invention corresponding to claim 2, a static magnetic field coil forms an oxide high- 
temperature superconductivity line in the vacuum pipe of thermal conductivity, and it is constituted. 
[0017] Invention corresponding to claim 3 cools an oxide high-temperature superconductivity line 
directly through the heat transfer medium attached at the tip of a vacuum pipe by the cold energy which 
the outside thermal conductivity of the means of heat transfer is small, and it is constituted by the 
vacuum pipe with which inside thermal conductivity made the meantime the vacua with the large double 
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pipe configuration, and is transmitted from a refrigerator in the superconduction magnet system for 
single crystal growth of invention corresponding to claim 1. 

[0018] In the superconduction magnet system for single crystal growth of invention corresponding to 
claim 1, a coil base material is divided possible [ adjustment of the distance between the opposed faces 
of both-sides side York ] at least, and invention corresponding to claim 4 is constituted possible 
[ association ] magnetically. 

[0019] Therefore, if it is in the superconduction magnet system for single crystal growth of invention 
corresponding to above-mentioned claim 1 thru/or claim 4, it will pass along the closed magnetic circuit 
circuit which makes each York a magnetic path, therefore a stray magnetic field becomes small, and the 
line of magnetic force generated from the magnetic pole by energization of a static magnetic field coil 
can reduce the effect of the activity body and operator on a perimeter. 

[0020] Moreover, since a superconducting state is generated without using super-low hot refrigerant 
objects, such as liquid helium and liquid nitrogen, there is no emission of the gas at the time of 
quenching, and the problem of the pressure buildup of a low-temperature container is also solved, 
moreover, the thing for which a high-temperature superconductivity line is used— operating temperature 
— since it becomes high, the specific heat becomes large and a coil temperature rise serves as small a 
magnet system of quenching which is hard to carry out also to generation of heat by turbulence. 
[0021] Furthermore, if it is in the superconduction magnet system for single crystal growth of invention 
corresponding to claim 4, since it can carry out adjustable [ of the spacing of both-sides side York ] 
suitably, it can adjust to spacing [ / for the purpose of spacing of a static magnetic field coil ] freely. 
[0022] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained with reference to a 
drawing below. Drawing 1 is the perspective view showing the coil support frame in the gestalt of 
operation of the 1st of the superconduction magnet system for crystal pulling by this invention, and 
drawing 2 is a sectional view in the horizontal plane (X-Y side) when setting the Z-axis as the direction 
of a vertical which shows this superconduction magnet system. 

[0023] In drawing 1 and drawing 2 , 1 is an iron coil support frame which is formed in a KO typeface in 
the whole of side-face York la which a pair counters, and tooth-back York lb which inherits between 
these both-sides side York, and has cylinder-like magnetic pole lc in the opposed face of side-face York 
la, respectively. Magnetic pole lc which it has in each side-face York la of this coil support frame 1 is 
looped around the static magnetic field coil 2, respectively. 

[0024] The oxide high- temperature superconductivity lines 4a and 4b are inserted, respectively into 
vacuum housing 3a of the shape of a tube which these static magnetic field coil 2 becomes from 
aluminum or stainless steel, and 3b. 

[0025] In addition, the current lead and cable which are not illustrated are connected to the static 
magnetic field coil 2, and a current is supplied from a power source. The quality of the material with 
thermal conductivity on the other hand, 5 is 20K / 80K (absolute temperature) refrigerator, and large to 
this refrigerator 5, For example, the vacuum pipe 6 of the inside tubing which consists of copper and the 
quality of the material with small thermal conductivity, for example, the double pipe structure which 
made the vacua between outside tubing which consists of stainless steel, is attached. The edge of this 
vacuum pipe 6 makes tooth-back York lb of the coil support frame 1 penetrate, and is led to the static 
magnetic field coil 2 side, respectively. Make vacuum housings 3a and 3b penetrate airtightly 
furthermore, the oxide high-temperature superconductivity lines 4a and 4b are made to contact through 
the heat transfer medium 7 which consists of alumimium nitride, and it is made to be cooled from the 
refrigerator 5 in the oxide high-temperature superconductivity lines 4a and 4b by the cold energy 
transmitted through a vacuum pipe 6. 

[0026] Next, an operation of the superconduction magnet system for crystal pulling of such a 
configuration is described. Now, the crucible with which the melt of a single crystal raw material was 
held among both-sides side York la which the coil support frame 1 counters shall be arranged. If a 
current is supplied from the power source which is not illustrated on the oxide high-temperature 
superconductivity lines 4a and 4b which constitute the static magnetic field coil 4 from such a condition, 
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the static magnetic field for controlling the effect of the thermal convection current in a melting 
ingredient will be given, and it will become possible to suppress a heat convection. 
[0027] In this case, the line of magnetic force generated from a super-conductive magnet flows toward 
magnetic pole lc of side-face York la of another side from magnetic pole lc of one side-face York la, 
and the closed magnetic circuit which returns to origin through tooth-back York lb is formed. 
[0028] Moreover, it will be directly cooled through the heat transfer medium 7 by the cold energy 
transmitted through a vacuum pipe 6, and the oxide high-temperature superconductivity lines 4a and 4b 
which constitute the static magnetic field coil 4 will be from a refrigerator 5 in a superconducting state. 
[0029] Thus, with the gestalt of operation of the 1st of this invention, side-face York la and tooth-back 
York lb which a pair counters form the whole in a KO typeface. And it considers as the iron coil 
support frame which has cylinder-like magnetic pole lc in the opposed face of side-face York la, 
respectively. Since magnetic pole lc which it has in each side-face York la of this coil support frame 1 
was looped around the static magnetic field coil 2, respectively and the super-conductive magnet was 
constituted It will pass along the closed magnetic circuit circuit which makes each York a magnetic 
path, therefore a stray magnetic field becomes small, and the line of magnetic force generated from 
magnetic pole lc by energization of the static magnetic field coil 2 can reduce the effect of the activity 
body and operator on a perimeter. 

[0030] On the other hand, the static magnetic field coil 2 is formed by the oxide high-temperature 
superconductivity lines 4a and 4b formed in vacuum housing 3a of the shape of a tube which consists of 
aluminum or stainless steel, and 3b. Since it can make to a superconducting state by cooling directly by 
the cold energy transmitted through a heating medium from a refrigerator 5 A superconducting state 
becomes generable without using super-low hot-cold intermediation of liquid helium, liquid nitrogen, 
etc. like before, there is no emission of the gas at the time of quenching, and the problem of the pressure 
buildup of a low-temperature container can also be solved. 

[0031] Moreover, by using a high-temperature superconductivity line, operating temperature is high, and 
also to generation of heat according to turbulence since the specific heat is large, a coil temperature rise 
is small and it becomes the magnet system which quenching cannot carry out easily. 
[0032] In addition, although 20K/80K refrigerator of a two-step type was used in the gestalt of 
implementation of the above 1st in order to cool the oxide high- temperature superconductivity lines 4a 
and 4b to 20K oxide superconductivity - since each coil temperature should just be cooled by the 
temperature more than 77k when the transition temperature of a conductor uses the object more than 
77k, as a refrigerator in this case, it comes out enough with 77K refrigerator of an one-step type. 
[0033] Drawing 3 is a sectional view in the horizontal plane (X-Y side) when setting the Z-axis as the 
direction of a vertical which shows ****** of operation of the 2nd of the superconduction magnet 
system for crystal pulling by this invention, and attaches and explains the same sign to the same 
components as drawing 2 . 

[0034] The center section of tooth-back York lb of the coil support frame 1 which constitutes a super- 
conductive magnet from a gestalt of the 2nd operation is divided into Z shaft orientations. It considers as 
the configuration which connects the division section magnetically by zygote lc which consists of 
magnetic materials, such as iron. Moreover, make the oxide high-temperature superconductivity lines 4a 
and 4b which form the static magnetic field coil 2 correspond, and Refrigerators 9a and 9b are formed. It 
considers as the configuration which enables the transfer to the heating medium 7 which cold energy 
was contacted on the oxide high-temperature superconductivity lines 4a and 4b, respectively, and 
prepared it in them through the vacuum pipes 8a and 8b of the same configuration as drawing 2 from 
these refrigerators 9a and 9b of, and is cooled directly. 

[0035] Therefore, it will pass along the closed magnetic circuit circuit which makes each York a 
magnetic path, therefore a stray magnetic field becomes small, and the superconduction magnet system 
for crystal pulling of such a configuration, then the line of magnetic force generated from magnetic pole 
lc by energization of the static magnetic field coil 2 like the gestalt of the 1st operation can reduce the 
effect of the activity body and operator on a perimeter. Moreover, since it can make to a 
superconducting state by cooling the oxide high-temperature superconductivity lines 4a and 4b of the 
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static magnetic field coil 2 directly by the cold energy transmitted through a heating medium from 
Refrigerators 9a and 9b, a superconducting state becomes generable without using super-low hot-cold 
intermediation of liquid helium, liquid nitrogen, etc. like before, there is no emission of the gas at the 
time of quenching, and the problem of the pressure buildup of a low-temperature container can also be 
solved. 

[0036] Furthermore, since the coil support frame 1 was made into Z shaft orientations 2 ****s in the 
center of tooth-back York lb and the division section was considered as the configuration magnetically 
connected by zygote lc, adjustable [ of the spacing of both-sides side York la and la ] can be carried 
out suitably, therefore it can adjust to spacing [ / for the purpose of spacing of the static magnetic field 
coil 2 ] freely. 

[0037] Although cylinder-like electrode lc is prepared in both-sides side York la of the coil support 
frame 1 and this electrode lc was looped around the static magnetic field coil 2 with the gestalt of 
implementation of the above 1st, and the gestalt of the 2nd operation The static magnetic field coil 2 is 
fixable in the condition of having been held at electrode lc, by forming Id of radii-like crevices in a 
peripheral face as a configuration of electrode lc, as shown in drawing 4 , and carrying out ********** 
looping around of the static magnetic field coil 2 at Id of this crevice. 

[0038] Moreover, although a crucible is arranged and it was made to generate a horizontal static 
magnetic field with the gestalt of operation of ****** among both-sides side York la of the coil support 
frame 1 By arranging the coil support frame 1 1 as shown in drawing 5 which furthermore generates the 
static magnetic field of the direction of a vertical in the upper part and the lower part of the coil support 
frame 1, and constituting a like-pole opposite magnet, the axial symmetry KASUBU magnetic field of a 
radial can also be made [ inside / of the melt of the single crystal raw material held in the crucible ]. 
[0039] Furthermore, although the gestalt of each above-mentioned implementation described the case 
where a static magnetic field horizontal to the melt of the single crystal raw material held in the end 
crater which arranges the crucible in the space section which consists between the both-sides sides of the 
coil support frame 1 was generated The migration device to which the coil support frame 1 is moved up 
and down is established, and you may make it move the coil support frame 1 up and down according to 
change of the height location to the direction of a vertical of the solid-state-liquid boundary in the end 
crater which the crystal has followed on growing up gradually. 

[0040] In addition, this invention is not limited to the gestalt of operation which describes above and is 
shown in a drawing, within limits which do not change the summary, deforms variously and can be 
carried out. For example, although the coil support frame was made into iron with the gestalt of each 
above-mentioned implementation, as long as it is the magnetic substance, other quality of the materials 
may be used. 
[0041] 

[Effect of the Invention] As stated above, according to this invention, evaporation of liquid helium can 
be abolished at the time of quenching of a static magnetic field coil, and the superconduction magnet 
system for crystal pulling which reduced the stray magnetic field of a magnet can be offered. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 3] 




[Drawing 4] 




[Drawing 5] 




[Drawing 6] 
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[Translation done.] 
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